Search for H₂O Maser Emission towards Infrared Luminous Galaxies by 萩原 喜昭
Search for H?O Maser Emission towards Infrared
Luminous Galaxies
著者 萩原 喜昭
著者別名 HAGIWARA, Y.
journal or
publication title
JOURNAL OF TOYO UNIVERSITY NATURAL SCIENCE
volume 64
page range 53-60
year 2020-03
URL http://id.nii.ac.jp/1060/00011482/
Creative Commons : 表示 - 非営利 - 改変禁止
http://creativecommons.org/licenses/by-nc-nd/3.0/deed.ja
53東洋大学紀要　自然科学篇　第64号：53-60（2020）
Abstract
　The overview of small single-dish telescope survey programs of water vapor maser 
emission as known as “megamaser” in infrared luminous galaxies, is presented. In the 
last two decades, it has been demonstrated that the water maser that radiates intense 
radio emission at 22 GHz is a powerful tool to study kinematics of dense molecular gas 
surrounding a super massive black hole in active galactic nuclei (AGN). The detailed 
kinematics revealed by the water maser has provided new insights on the central 
molecular gas in AGN. It is thus important to seek for an efficient method to find more 
water masers in galaxies, however the total detection of which remains about 150 
galaxies to date. From 2001 to 2004, we conducted mini-survey programs to search for 
water masers in “radio-excess” infrared luminous galaxies that show large values of 
radio continuum emission to far-infrared (FIR) flux density ratio (F21cm/FFIR). In this 
article, the result of the surveys is reported with some future perspectives of studies of 
extragalactic water megamasers in AGN.
keywords： Radio astronomy, molecular gas:water, maser, active galactic nuclei, super 
massive black hole
₁  Introduction
Over the past two decades intense water (H2O) vapor maser (a microwave version of la-
ser at optical wavelength) radiation at 22.235 GHz (wavelength λ=1.3 cm) with isotropic 
luminosity >10 L⦿ (L⦿= solar luminosity) has been detected in more than 150 galaxies 
having active galactic nuclei (AGN) ［12］. The H2O masers detected in AGN are called 
megamasers that are known to be associated AGN-activity (“nuclear masers”) and have 
been found on a rotating disc or at radio jet in largely LINERs or type 2  Seyfert nu-
clei, however some of them are associated with type 1  Seyfert nuclei.
　Very long baseline interferometry (VLBI) observations of the megamaser in the LIN-
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ER galaxy NGC 4258 revealed the Keplerian rotating disc around a super massive black 
hole (SMBH) with the central mass of 4 ×107 M⦿ confined within the radius of about 0.2 
pc ［13, 14］. This result was thought to be a direct evidence for the existence of a cen-
tral massive object, definitely a super massive black hole in the center of AGN.
　Stimulated by the discovery of the rotating maser disc in NGC 4258, a number of sin-
gle-dish searches for H2O maser detection have been conducted using a radio telescope 
having a big aperture like the MPIfR Effelsberg 100 m in Bonn, the NRAO Green Bank 
100 m telescope in the United States, and the Nobeyama 45 m telescope in Japan.
　It is likely that the total number of the galaxies searched for H2O maser emission is 
no less than two thousands, of which some galaxies are observed twice or more. How-
ever, the detection rates of the maser in the course of any past single-dish surveys have 
been remaining very low, estimated less than 10 percents in any surveys ［ 5 ］. These 
surveys were based on well-considered biased sample, although they were not always 
successful in new maser detections. It is expected to invent a more efficient observing 
strategy to increase the detections. We considered that the larger index of F21cm/FFIR 
(Far-infrared) might indicate that a hidden radio active nucleus exists in the molecular 
gas-rich environment surrounding an active nucleus and the bright radio nucleus is 
likely to be subject to the maser amplification. Given the fact that several known me-
gamaser galaxies show the large ratios of radio to FIR flux density (e.g., NGC 1068, NGC 
3079), it is more likely that “radio-excess” galaxies selected in infrared-luminous galaxies 
exhibit strong H2O maser emission. In this short article, the unpublished data of 
single-dish searches for the H2O maser from FIR luminous galaxies are presented.
₂  Observation and results
Based on the sample of FIR (far-infrared) galaxies with FIR luminosity of LFIR > 1011 L⦿ 
and bright radio sources, we selected FIR luminous galaxies at relatively low red-shifts 
(Vsys < 30,000 km s‒1) from the IRAS Bright Galaxy Sample ［16］ to search for new H2O 
megamaser sources. Of these FIR luminous galaxies, we selected galaxies showing high-
er values of flux density ratio between 21 cm and 60 µm (F21cm/FFIR), some of which are 
listed for our observations depending on source declinations, radio flux densities, and 
others (table 1). Most of the listed galaxies were observed in the period of 2000-2004 us-
ing the 100 m telescope at Effelsberg in Bonn. At Effelsberg, the single-dish searches of 
the H2O maser towards the FIR galaxies were conducted. During the observations, the 
telescope was being pointed to each target galaxy for one to several hours while galax-
ies were above the horizon. The system temperatures and beam size were about 70 K 
to 120 K and ∼ 40”. Eight-channel auto-correlators were employed, each of them having 
40 MHz IF bandwidth with 512 spectral channels, yielding 78 kHz frequency resolution 
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that corresponds to ∼ 1.1 km s‒1. In our observations, four IF bands for each linear po-
larization were used, which resulted in the total velocity coverage of ∼ 2000 km s‒1, 
nearly centered on the galactic systemic velocity. The rms noise sensitivities of these 
observations were about 5 -10 mJy, typically.
　In the list of the FIR luminous galaxies shown in table 1, it is interesting to note that 
the masers in UGC 05101 and Arp 220 were not first detected in our search but discov-
ered in other searches at later different epochs and by other parties ［10, 17］. Since the 
strength of the maser is very variable that one cannot always see the maser emission 
in its spectrum, which makes us motivate to repeat searches for the maser in the same 
galaxies over years.
　Fig 3  shows the spectra of NGC 3367 with no distinct maser emission. However, in 
the velocity-smoothed spectrum, one may suggest that there is weak narrow line-width 
emission near at V= 3000 km s‒1 and broader components at V= 3220-3250 km s‒1. The 
tentative component in the spectra needs to be followed up by further observations to 
examine our measurement and analysis.
　Since around 2001, the Greenbank radio telescope (GBT) with the 100m diameter dish 
started observations and the receivers and backend system were designed suitable for 
extragalactic H2O maser survey, which enabled to detect less luminous masers in the 
northern sky at an rms sensitivity of down to ∼1 mJy. Thus, the emergence of the GBT 
resulted in a number of new detections of the masers that are reported (e.g., ［1］) and 
updated continuously at the MCP (Megamaser Cosmology Project) website ［12］. It is 
interesting to note that there has been found no nuclear maser that exhibits a ”clean” 
nuclear disc like that in NGC 4258 despite the increasing sensitivities of single-dish sur-
veys. Adding to the GBT, the newly constructed Sardinia radio telescope (SRT) with 
the 64 m dish in Italy is remarked. The SRT should be able to increase the number of 
water megamasers in near future.
₃  Searches for water megamaser in radio-excess infrared galaxies
In table 1, only the three H2O megamasers were detected in our surveys, while the rest 
of the masers were not detected in ours but by other parties. The reasons of our no de-
tection are broken down below. The detections of the other three galaxies were dis-
cussed in literature ［6］. It should be noted that the survey biased with the FIR flux 
density of more than 50 Jy at 100 µm by Castangia et al. (2008) ［3］ was conducted, al-
though the flux density depends on a distance of each galaxy. In their search of 41 FIR 
bright galaxies at 100 µm, the low luminosity masers (< 10 L⦿) were detected in two 
FIR galaxies, NGC 613 and NGC 520. The origin of the maser in NGC 520 is most likely 
to be star-formation in the nuclear region rather than AGN-activity because of low lumi-
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nosity (2.1L⦿) of the maser.
3.1 Mrk 1066
Mrk 1066 is known to host the double nuclei in the center of the galaxy, showing the 
evidence for the galaxy having experienced galaxy-galaxy merger or interaction. The 
distinct detection of the H2O maser was reported in Henkel et al. (2005) ［10］, in which 
over 6  months in 2002 they detected maser line components of 60-80 mJy with narrow 
line-width (FWHM < 2 km s‒1) at V = 3636 km s‒1 at Effelsberg. Our observation of the 
galaxy was first conducted in February 2006 without knowledge of the maser being de-
tected earlier. Fig 1 displays two maser spectra of the galaxy. The spectra show that 
the same velocity components at V = 3636 km s‒1 were marginally detected in ∼ 2σ 
with the peak flux density of about 20 mJy and 40 mJy in the velocity-smoothed spec-
trum. Weaker components with broader line-width spanning from approximately V = 
3530 - 3600 km s‒1 were seen in our spectra, that were also seen in the earlier observa-
tions of February 2006. The maser in the galaxy seemed to be flared in 2002 and de-
crease in early 2006 in our observation.
3.2 UGC 05101
UGC 05101 is a well-known ultraluminous infrared galaxy (ULIRG) having large FIR lu-
minosity (LFIR > 1012 L⦿). The galaxy hosts a Compton-thick nucleus (NH > 1023 cm‒2) 
from hard X-ray observations ［11］, where NH denotes hydrogen column density. The 
detection of the maser was first reported in Zhang et al. (2006) ［17］. The maser ob-
tained at Efflelsberg shows broad line components near at the galactic systemic velocity 
with the peak flux density of about 15 mJy, giving the isotropic maser luminosity of ≈ 
1500 L⦿, which is the one of the highest values obtained for H2O megamaser. The gas-
eous nucleus of the galaxy is often compared with that of the well-known ULIRG Arp 
220 having the twin nuclei in the center, however the galaxy does not exhibit H2O ma-
ser but has bright OH megamaser. In our earlier observations of 2001 the spectrum 
showed the tentative maser emission but it was never confirmed by us. It should be 
noted that once the confirmation of the maser using the Very Large Array was pro-
posed around 2002 but our proposal was rejected for some reasons. The origin of the 
maser is most likely to be AGN-activity from the obscured AGN.
3.3 Arp 299
Arp 299 is a merging or interacting system housing the double nuclei of IC 694 and 
NGC 3690 with the angular separation of about 20” and the galaxy has the FIR luminos-
ity of LFIR ≃ 1011 L⦿. The detection of the maser emission in the galaxy was first re-
ported in Henkel et al. (2005) ［10］, where the maser spectrum shows the peak flux den-
sity of ∼ 30 mJy at Effelsberg in March 2002. The rms sensitivity was 4.8 mJy, and 
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therefore the maser was detected in more than ∼ 6σ. Figure 4  shows that there was 
no distinct maser emission in the spectrum obtained in 2001, in which an rms sensitivity 
was about 7mJy, similar to the observation of March 2002. If the strength of the maser 
was as strong as that in March 2002, the maser should have been detected in our obser-
vation in ∼ 4σ, suggesting that the maser luminosity increased its strength after our 
observing period.
　The parsec-scale spatial distribution and kinematics of the masers in NGC 1066 and 
UGC 05101 have not yet been well studied by VLBI, perhaps which is due to the weak 
strength and strong variability of the maser.
₄  Discussion
Of the 38 FIR luminous galaxies listed in table 1, the total number of the detected 
maser is 6, which yields the detection rate of 6/38 ∼ 15% within the systemic velocity 
(Vsys) of ≈ 37,000 km s‒1. The detection rate is no lower than any other earlier single-
dish telescope surveys, demonstrating that our sample based on radio-excess infrared 
luminous galaxies can be utilized to find luminous maser emission in galaxies. For 
instance, it is known that the detection rates of the earlier H2O megamaser surveys of 
type 2  Seyferts and LINERs are ∼ 3‒8 % (e.g., ［2, 4 ］).
　Strong maser radiation is thought to occur when both water molecules and 
background radio continuum radiation from a central AGN are aligned in the line of 
sight. The relatively strong radio continuum radiation of the radio-excess galaxies 
explains the relatively intense AGN-activity giving a rise to maser, while FIR radiation 
shows gaseous environment that contains water molecules. In the case of radio-excess 
galaxies, it is thought that maser amplification is induced by stronger background 
continuum in infrared galaxies.
₅  Summary
We have searched for H2O megamaser towards radio-excess infrared galaxies biased 
with the higher ratio of 21 cm radio to 100 µm infrared flux density. The galaxies are 
selected from the IRAS Bright Infrared Galaxy Sample. Three megamaser sources were 
detected in our surveys, while the other three sources were not detected in our 
observations, but detected later in other surveys. The gaseous environments measured 
by 60-100 µm flux are related to maser excitation, which are also examined and 
confirmed by other surveys in literatures. The total detection rate of the maser in our 
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sample is no lower than other past maser surveys. The detailed kinematics of the maser 
revealed by VLBI will provide new insights on the central molecular gas in AGN and 
precise measurement of cosmological constants and a discovery of Keplerian rotating 
disc around a nucleus like that found in NGC 4258 will provide direct evidence for SMBH. 
It is interesting that H2O megamaser showing a spectacular Keplarian disc has not been 
found since the discovery of the maser spectra suggestive of the rotating disc in NGC 
4258 ［14］.
This research has made use of the NASA/IPAC Extragalactic Database (NED) which is 
operated by the Jet Propulsion Laboratory, California Institute of Technology, under 
contract with the National Aeronautics and Space Administration.
Figure 1：(left) H2O maser spectrum of Mrk 1066 obtained by the Effelsberg 100 m on 6  February 
2006; (right) velocity-smoothed spectrum (∆v = 2.1 km s‒ 1 ) of the galaxy. The galactic systemic velocity 
is marked by a vertical bar. Vertical axis denotes flux density scaled in Jansky, and horizontal axis LSR 
velocity in optical definition.
Figure 2：The maser spectra of NGC 5793 (left) and Mrk 273 (right). The axes are same as in figure 1.
Figure 3： The maser spectra of NGC 3367 (left), obtained by the Effelsberg 100 m. The spectrum 
smoothed over two velocity channels (∆v = 2.1 km s‒1) (right).
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Figure 4：Maser spectra (no-detection) of Arp 299 (left) and NGC 4490 (right). The both spectra were 
obtained at Effelsberg.
Table 1：List of infrared galaxies observed in our single-dish search
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